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(54) Photodiode module 

(57) A PD module including a planar substrate, a 
first V-groove formed in the longitudinal direction on the 
substrate, a path-changing groove formed in the lateral 
direction vertically to the first V-groove on the sttostrate 
for ensuring a space at an extension of the first V- 
groove. an optical fiber fixed in the first V-groove for 
guiding signal light, a slanting reflection plane formed at 
the front wall of the path-changing groove for reflecting 
the light emanating from the fiber, a PD chip with a width 
B and a length C mounted on three spots of the 8uk>- 
strate over the path-changing groove, the PD lying 



above the path-changing groove and the slanting reflec- 
tion plane, a transparent adhesive with a refractive 
index similar to the fiber being supplied to a space 
including the end of the f iber, the path-changing groove 
and the txrttom of the PD chip, and a fixation adhesive 
supplied on the first V-groove and on the transparent 
adhesive for fixing the fiber to the first V-groove. the light 
emanating from the f toer being reflected by the slanting 
reflecting plane and being introduced into the PD chips. 
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Fig. 1 
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Description 



[0001] This invention relates to a planar type photodiode (PD) module as a receiving device for optical communica- 
tion. The meaning of the planar type Is explained. Prior PD modules have a three dimensional structure mounting a PD 

5 chip on a round stem, sustaining a lens above the PD chip by a cylindrical holder standing on the stem, supporting a 
fiber just akx)ve the lens and the PD chip by a cylindrical sleeve standing on the stem. The lens converges rays from the 
fiber into the top surface of the PD chip. The rays propagate In free space from the fiber to the PD in the package. Here, 
lines of individual partial light are called rays. An assembly of rays is called a beam. The beam axis is vertical to the PD 
chip and the stem. Since the end of the fber is distanced from the PD, the rays disperse in the free space. Thus, the 

10 lens is required for converging the rays onto the PD. The prior PD module is a cylinder having pins at the bottom and a 
fiber at the top. Such a cylindrical device is not suitable for handling. Mounting on a print circuit board requires soldering 
the pins to holes of the print circuit board and inclining the cylinder into a horizontal posture by tjending the pins at right 
angles. When a plurality of print circuit boards are piled in a vertical direction, it is determined that the pitch between 
the neighboring boards should be shorter than 9 mm. The pitch Is a sum of the thickness of the board and the distance 

15 between the neighboring twards. Prior tall cylindrical PD modules cannot satisfy the requirement 

[0002] The planar type module is a contradictory to the prior bulky, tall modules. The planar type signifies the device 
having the optical fiber being parallel with and fixed to the substrate and dispensing with a lens. Since the optical fiber 
lies on the substrate and the beam axis is parallel to the surface, the device is called planar type. Since the fiber is stuck 
to the substrate, the planar type device requires a cylindrical package no rrK>re. The planar type device can make use 

20 of a flat package by laying the fiber, the PD and so forth on a flat substrate and nrx}lding the whole by a resin. The short 
distance between the fber and the PD can afford to eliminate the lens. 

[0003] The omission of the lens allows the device to exclude the optical adjustment among the f ft>er. the lens and the 
PD. Elimination of the lens lowers the parts cost and the assent>ly cost. Low. flat packages are convenient for mounting 
the planar type device on a print circuit board. Suppressing the cost of the optical devices ardently requires planar type 



[0004] In general, an end of an optical fiber faces directly to an LD. an LED or a PD without a lens in the planar type 
optical devices. Elimination of the lens requires more rigid tolerances for mounting. Some contrivances are suggested 
for exact mounting of PDs. LEDs or LDs in the planar type devices. None of the proposals have been prevailing owing 
to the drawbacks. 

30 [0005] A typical planar type PD module has a Si substrate having a structure for fixing a PD chip and an end of an 
optical fiber at a determined position. Anisotropic etching of Si forms a V-groove on the Si substrate for adapting a fiber. 
The PD module guides the light going out of the fiber to the PD chip by reflecting the light by a minor made in the V- 
groove. Anisotropy of etching signifies that the etching rate on {100} planes are far faster than the etching rate of {1 1 1} 
planes for special etchants in a silicon single crystal. Some etchants reveal such anisotropic etching speeds for Si. The 

35 anisotrof!^ allows the etchant to make holes enclosed by {11 1 } planes. 

[0006] The anisotropic etching makes a V-groove having a (1 -1 1) plane and (11-1) plane by painting a (100) SI single 
crystal substrate with a resist, removing a resist in a stripe extending along [01 1]. making a striped window in the direc- 
tion and etching the Si substrate by the etchant which has a taster {100} plane etching rale than a {1 11} plane etching 
rate. Fortunately, a (1 1 1) plane appears at the end of the V-groove. The angles held between the surface (100) and the 

40 V-groove side walls (1-11) and (11-1) are 126 degrees. The bottom angle of the V-groove is 71 degrees. The angles 
between the V-groove walls (1 -1 1) and (1 1 -1 ) and the end wall (1 1 1) are 108 degrees. The angle between the end wall 
(1 11) and the surface (100) is not 135 degrees but 126 degrees. 

[0007] Direction indexes and plane indexes have been defined in crystallography as follows. Individual direction is 
denoted by square bracketed numerals [•••]. Collective direction is denoted by edged bracketed numerals <•••>. 

45 Individual plane is designated by round bracketed numerals ( • • ♦ ) Collective plane is designated by wavy bracketed 
numerals {•••}. The above explanation Is directed to a [01 1] strip«i V-groove. A [0±1±1] striped V-groove can also be 
made in a similar way. The Si substrate has a good conductivity. whi<^ is inconvenient as a base. The SI substrate is 
preparatively coated with a Si02 f Om of a 0.5 fun to 3 fim thickness which is made by oxidtzation of the Si or sputtering 
SiOa- Thus, the Si substrate consists of a bulk SI single crystal and a thin SiOg insulating film. The Si substrate is a 

so SIO2/SI substrate In a rigorous meaning. But it is simply called a Si substrate in brief hereafter. 

[0008] An optical f toer is adapted Into the V-groove on the SI substrate for producing the planar type PD module. The 
rays emitted from the fiber are reflected upward by the (1 1 1) mirror plane at the end of the V-groove. The rays enter the 
PD from the bottom. The V-groove, the end mirror and the PD above the mirror Ixiild up a planar PD module which dis- 
penses with a lens. 

55 [0009] The planar PD module has a fundamental structure explained above. Inrprovements have been proposed for 
the planar type PD modules In addition to the fundamental structure. Three of the proposals are described here. None 
of them have been kyought into practice yet owing to difficulties. 
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(Prior Art 1 : PD riding on the fiber end (Fig. 1 to Fig.4)] 
[0010] 

® German Patent Publication DE 35 43 558 C2{lnventors: Hillerich Bernd. Rode IVIanfred. Filing date; December 
10,1985) 

© B. Hillerich & A. Geyer. "SELF-ALIGNED FLAT-PACK FIBER-PHOTODIODE COUPLING". Electronics LetL, 
vol.24. No.15. 1988. p918-919 



[CO1 1 ] These documents reported a method of making a V-groove on a Si plate by anisotropic etching, placing a PD 
at an end of the V-groove, inserting an end of a fiber beneath the PD into the V-groove and fixing the f toer with an adhe- 
sive having a refractive index similar to the fiber. These proposals have a feature of placing the fiber end into a small 
hole formed by the V-groove and the PD chip. The novel structure is explained by Fig. 1 to Fig.4. Fig. 1 is a section of 
IS the PD module structure. Fig.2 is a plan view of a part of the V-groove made on a Si platform (substrate). Fig.3 is a plan 
view of the V-groove sustaining an end of a fiber. Fig.4 is a plan view of the Si substrate having the V-groove with the 
fiber end covered with a PD chip. 

[0012] A V-groove 2 is made by coating a (100) Si single crystal substrate 1 with a resist opening a [Oil] directing 
striped window by mask-based exposure and development, and etching the masked Si substrate by anisotropic etch- 

20 ant. which can re/eal a (1 -1 1 ) plane and a (1 1 -1 ) plane on the Si by the difference of the etching rates. In addition to 
side walls of (11-1) plane and (1-1 1) plane, a (111) plane is formed at an end of the V-groove 2. The (111) plane is 
assigned to a slanting mirror surface 4. A PD chip 5 is mounted above an end of a fiber 3 upon the (100) surface. An 
electrode is connected to a printed pattern by a wire. The end of the f ber 3 is inserted into the hole beneath the PD 5 
on the V-groove 2 on the Si sutistrate 1 till the fiber end comes into contact with the slanting mirror surface 4. The fiber 

25 3 is Stuck into the V-groove 2 by an adhesive 7. 

[001 31 The V-groove 2 must be deep enough for allowing the end of the fiber to submerge completely in the V-groove. 
W denotes the depth of the V-groove 2. * is half of the bottom angle. D is the diameter of the fiber. The depth W shouW 
satisfy an inequality 

W > D(1+cosec<t>)/2. (*<) 

The bottom angle is 71 . degrees for the V-groove made by the anisotropic etching. Then, 
W >D(1+oosec35* )/2 = 1.35D . For example, the depth W is deeper than 169 jxm for a ftoer with a 125 jtm diameter. 
If the V-groove is defined by perfect {111} planes, the depth W and the width B have a sinple relation 

Be2Wtan4) n:2 Wtan35*' « 1.45W. (2) 



For the fiber of 125 |im diameter, the width B should be bigger than 245 [im. 

[00141 The traversing and vertical alignments of the fiber are automatically done by the V-groove 2. The axial align- 

40 m^t is done by the slanting mirror plane 4 with which the fiber end collides. Namely, the V-groove of the Si substrate 
saves the alignment of the fiber. The f toer dispenses with alignment. This is an advantage. Only the PD needs tacile 
alignment. The distance between the fiber end and the PD chip is too short to dsperse the rays from the f toer. The PD 
chip is stably fixed on a bisecting portion of the Si platform. The structure is simple. These are also advantages. 
[001 51 However, the newly proposed type of the PD module has two drawkjacks. One drawback is invisibility of the 

45 end of the ftoer. since the end submerges into the narrow hole below the PD chip 5. The PD 5 conceals the end of the 
fiber. No body can examine by eyesight whether the end is actually in contact with the slanting mirror (111) surface and 
wfhether the adhesive fills the small hole. The other drawback is the difficulty of the adhesive 7 invading and filling the 
small space. After the f ber has been inserted into the small space, the adhesive is supplied into the small gaps between 
the itoer and the groove walls. Viscous adhesive is reluctant to invade into the restricted space. For example, *if 

so W=1 .35D, the sectional area of the hole enclosed by the V-groove and the PD is about 1 .7 times larger than the section 
of the fiber. But the extra section of the »x>le is only 0.7 time of the fiber section, since the fiber end is inserted into the 
hole. The nan-owness prevents the adhesive from filling of the space. If the penetration of the adhesive is incomplete, 
a void 8 occurs in the space as shown in Fig, 1 . The adhesive has another role of reducing the reflection of light at the 
end of the f ber by the refractive index nearly equal to the fiber. If the void 8 remains in the adhesive, the interface would 

55 scatter light strongly by the discontinuity of the refractive indices. The smaller refractive index of the void 8 is apt to dis- 
perse the rays. The reflection loss on the bottom of the PD increases. The existence of bubbles raises the loss by scat- 
tering or reflecting. Incomplete filling of the small space with the adhesive causes such problems. But the PD covering 
the fiber end prevents an inspector from examining whether the adhesive fills the hole. 
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[Prior Art 2: two-substrate coupling structure (Rg.5 and Fig.6)] 



[0016] Japanese Patent Put>lication No.63-22565 suggested an improved PD module having two substrates Ibr sup- 
porting PDs and f bars instead of a single substrate. Fig.5 is a perspective view of a substrate having ends of fibers and 

5 Fig.6 is a perspective view of another sut)Strate having PD chips. A first Si substrate 1 1 has longitudinal V-grooves 12 
and 13 which are made in the [011] direction by anisotropic etching on a (100) Si single crystal suljstrate and a lateral 
groove 14 which is also made by the same anisotropic etching simultaneously. The bottom of the lateral groove 14 is 
deeper than the bottoms of the longitudinal grooves 12 and 13. Though the grooves 12. 13 and 14 are simultaneously 
dug by the anisotropic etching, the lateral groove 1 4 has still a flat (100) bottom due to the shortage of the etching time. 

10 The slanting planes of the groove 14 are (1 1 1) planes. The farther slanting plane is a reflecting plane 15. The first part 
of Fig.5 is produced by inserting fibers 16 and 17 into the longitudinal V-grooves 12 and 13 with the ftoer ends being in 
contact to the reflecting plane 15 and fixing tine fibers with an adhesive to tiie first substrate 1 1 . Beams emitted from the 
fibers 16 and 17 are converted into upward beams 23 and 24 by the reflecting plane 15. 

[0017] Since the groove 14 extends in the lateral direction, the first substrate 1 1 has no room for supporting PD chips. 

75 Sustaining ttie PDs requires a second sutDstrate 18 with an L-shaped section. The second substrate 18 has two square 
holes. PD chips 19 and 20 having an n-eiectrode and a p-electrode on an upper surface have been prepare. The PD 
chips 19 and 20 are buried in the holes. The electrodes on tiie PDs are connected by wirebonding to metal patterns 
printed on the substrate 18. The PD module is assembled by turning upside down the second substrate 18, posing the 
second substrate 1 8 on the first substrate 1 1 with a front side 22 of the second substrate 18 being in contact to an end 

£0 wall 21 of the first substrate 1 1 and sticking the second substrate 1 8 to tiie first si&>strate 1 1 . The beams 23 and 24 emit- 
ted from the ftoers 16 and 17 are irrtroduced into the PDs 19 and 20. 

[0018] Sinking the fibers into the V-grooves requires the deptti W of the kwigitudinal V-groove to satisfy an inequality; 

W>(D/2)(cosec <|) +1). (3) 

25 

where W is tiie deptfi of the V-grooves. D is the diameter of tiie fibers and ♦ is half a bottom angle of the Vrgrooves. The 
lateral groove is deeper than W. 

[001 9] This module need not insert the fiber beneatii the PD unlike tiie former module of Fig. 1 to Fig.4. The PD device 
has an advantage of allowing a worker to observe the ends of the f bers for assemlDling the modules. Another advan- 

30 tages are facile axial alignment of the fibers by the slanting wall 15 and easy adhesion of the fibers. The adhesive fills 
also tiie lateral groove 14. The existence of the extra groove 1 4 eliminates tiie occurrence of a void In the adhesive. The 
groove 14 solves tiie prot)lems of the irregularity of the adhesive and the light scattering by the void. In addition, the 
module is suitable for installing a plurality of f bers and PDs. These are strong points of tiie PD module. 
[0020] But, tiie proposed PD module has also drawbacks. The lateral groove 14 forbids the module to support PDs 

35 by three points of the same substrate unlike tiie former module of Fig. 1 to Fig.4. Cantilevering PD chips on the rear 
l^ank of tiie substrate 1 1 would be prohibited owing to tiie instability. Since tiie first sut>strate 1 1 witii the fibers cannot 
can-y ttie PD chips, the second substrate 1 8 is indispensable for installing the PDs. Coupling tiie two substrates requires 
rigorous alignments between the substrates in two dimensions. The upside«down mounting adds a difficulty to the align- 
ment. Misalignment between the substrates would t>e induced also by mismatching of tiie PDs on tiie first substrate 18 

40 and misplacing tiie lateral groove 14 on the sitostrate 1 1 . The preceding mismatches would spoil the following effort for 
aligning two sit^strates at the optimum positions. 

[0021] Complexity is a more serious drawt)ack of the module. The PD module having a substrate can^ying the PDs 
coupled to anottier subsb-ate having the fibers cannot be called a planar type PD module any more. The high cost would 
make the proposed PD module impractical. 

45 

[Prior Art 3; double-stepped V-groove PD module (Fig.7 to Fig.9)] 

[0022] A PD module with a dout>le-stepped V-groove was proposed by Japanese Patent Laying Open No.9-54228. 
Fig.7 to Fig.9 show the PD module. Fig.7 is a vertical section of a main part having a V-groove. Fig.8 is a plan view. 

so Fig.9 is a section of the V-groove. 

[0023] A (100) Si single crystal substrate 25 is prepared. Anisotropic etching witii a mask produces a first larger V- 
groove 26 and a second smaller V-groove 27 following the first groove 26 at a stretch. Both the grooves have a common 
central line, extending in the [011] direction. The walls of the V-grooves 26 and 27 are (1-11) planes and (11-1) planes. 
The difference of tiie depth makes a slanting (1 1 1) plane 28 at the boundary. Another slanting (111) plane 29 is made 

55 at the end of the smaller groove 27. The fiber 30 is rested onto the first groove 26. The front end of the fiber touches the 
slanting plane 28. A PD chip 32 is mounted on the sut)Strate 25 just above the end of tiie second groove 27. The beam 
emitted from the fiber 30 is reflected by ttie slanting plane 29 and is guided into the PD chip 32 via the bottom surtace. 
[0024] In the case, a part of the fiber 30 projects above the substrate from the V-groove 26 unlike the former device 
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of Fig. 1 to Fig.4. The depth of the larger groove 26 should satisfy an inequalrty; 



W < (D/2)(1 +cosec ^ ) = D(1 +cosec35'» )/2 = 1 .35D. (4) 

5 Here, ^ Is haff a bottom ar>gle of the V-groove. The anisotropic etching on a (100) Si substrate gives 71 degrees of a 
bottom angle. Then, <|> is 35 degrees. For example, the depth W is shallower than 169 for the ftoer diameter D:=125 
|im. Another inequafity should hold due to the condition that the beam should propagate in the second shallower V- 
groove 27. 

10 W>(D/2) cosec 4> = (D/2) cosec35* = 0.85 D. (5) 

Namely, the depth of the first V-groove 26 should satisfy two inequalities, 

{D/2) cosec <|) < W < (D/2)(1+cosec <t>). (6) 

IS 

For ^35" . W should interpose between O.dSD and 1 .350. Since the front end of the fiber 30 touches the slanting wall 
28. the depth U of the second V-grocve 27 should satisfy an inequality 

U < W- (D/2){cosec35» - 1) = W - 0.35D. (7) 

20 

Because the beam emitted from the fiber should pass through the second V-groove. the depth U of the second V-groove 
27 should allow an inequalrty, 

U > W- (0/2) cosecSS** = W . 0.85D. (8) 

25 

A general condition for U is expressed by 

W - (D/2)cosec <|» < U < W - (D/2)(cosec 4» - 1). (9) 

30 In the concrete for <t> =35* . D should interpose between (W - 0.85D) and (W - 0.35D). 

[0025] The PD module has an advantage that the front end of the fiber is not hidden by the PD. Since the end of the 
fiber is visible by eyesight, it is easy to fill the space below the PD in front of the fiber conpletely with a resin. The mod- 
ule can suppress the occurrence of the void which causes the scattering of light or random reflection. The double 
stepped grooves can also be can/ed by the simultaneous anisotropic etching. 

35 [0026] Above-mentioned three prior PD modules have still drawt)acks. Prior art 1 (fiber end hidden beneath the PD) 
inserts the end of the fiber into the narrow space beneath the PD chip. The resin cannot always fully fill the narrow 
space bellow the PD chip. If air t>ubbles remain in the resin, interfaces t>etween air and the resin or the f toer and air 
reflect light. The bubbles along the light path would induce random scattering and reflection of lights which reduce the 
tight power entering the PD chip. Another drawback is an invisible end of the fiber hidden by the PD chip which is 

40 pointed out by Japanese Patent Laying Open No.9'54228. 

[0027] Prior Art 2 (two-substrate type) has drawbacks induced by the long lateral groove which forbids a single sub- 
strate to support both the fiber and the PD. The module requires two substrates. It is difficult to align the first sut)strate 
having the fibers exactly to the second substrate having the PDs. Instead of t:>eing a thin planar device, the PD nrxxiUle 
is bulky and large-sized. The complexity of the structure and the difficult alignment raise the production cost. 

45 [0028] Prior Art 3 (double-stepped V-grooves) pays little attention to the kinds of adhesives. The adhesive fixes the 
fiber on the sut>strate. In addition to the first role, the adhesive has another role. The adhesive fills the intermediate 
space between the f it>er and the PD. The adhesive should be transparent to the light. Transparency to the ligN is impor- 
tant for the adhesive. Besides the transparency, the adhesive is required to have a similar refractive index (nd .46) to 
the fiber. Otherwise, random scattering or reflection would be induced by the difference of the refractive indexes. 

so [0029] The double-stepped V-groove module paints a transparent adhesive on the ftoer and the V-grooves for fixing 
the f ber. But in general, transparent adhesives have weaker adhesion than opaque ones. When the adhesive once is 
dried up. the transparent adhesive is still so elastic that the f ber arKf the PD can move a little. A stronger adhesive 
should be adopted for fixing the fitter to the substrate everlastingly. Strong adhesives are generally an opaque resin 
which is forbidden to interpose between the fiber and the PD. The weak adhesion casts a shadow on the long-term reli- 

£5 ability of the PD module. 

[0030] To achieve the foregoing objects and in accordance with the purpose of the invention, embodiments will be 
broadly descrbed herein. 

[0031] One purpose of the present invention is to provide a planar type PD nrxxJule that reinforces the fixation of a 
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fiber and ensures the transparency of the light path by employing two kinds of adhesives. Another purpose of the 
present invention is to provide a planar type PD module which enables the two adhesives to separate spatially without 
mixing. A further purpose of the present invention is to provide an inexpensive resin-mold type PD module. 
[0032] A first PD module of the present invention has a substrate, a first V-groove perforated on the substrate, a par- 

5 tition groove perforated on the substrate perpendiciiar to the first V-groove. the partition groove being deeper than the 
first V-groove, a second V-groove perforated on the suljstrate with a common axis with the first V-groove, the second V- 
groove toeing shallower than the first V*groove and facing the first V-groove via the partition groove, an upward slanting 
reflection plane formed at an end of the second V-groove. a PD chip mounted on the sut3Strate above the end of the 
second V-groove. a ftoer fixed in the first V-groove with a front end being in contact with a front wall of the partition 

10 groove, a transparent adhesive covering the end of the fiber, the partition groove, the second groove and the PD chip, 
a fixing adhesive for fixing the fiber to the substrate, a resin mold package enclosing the substrate, the end of the fiber 
and the PD ctup. 

[0033] This invention Ibnms three grooves on the substrate. The first groove is a longitudinal V-groove fdr fixing the 
end of the fiber. The second groove is a longitudinal V-groove for changing the light path including a reflection plane 

15 (mirror part). The third groove is a lateral partition groove which separates the second groove from the first groove. The 
partition groove is not a V-groove but a rectangular sectioned trench. This invention features the partition groove. The 
partitk>n groove interposes between the first groove and the second groove. A role of the partition groove is exact align- 
ment of the fiber on the suljstrate. Another role of the partition groove is suitable division of a transparent adhesive and 
another opaque fixation adhesive. The partition groove enables the transparent adhesive to fill the light path between 

20 the fiber end and the PD chip without occurrence of a void. Then, the second fixation adhesive is supplied on the first 
adhesive and the fiber in order to fix the fiber end to the groove. The formation of the three grooves ensures high accu- 
racy of the alignment of the fiber and the PD on the substrate. 

[0034] A second PD module of the present invention has a substrate, a V-groove perforated on the sutDstrate, a path- 
changing groove perforated on the sul^strate perpendicular to the first V-groove, a slanting reflection plane which is one 
25 of the surfaces of the path-changing groove, a PD chip mounted on the substrate above the end of the path-cfianging 
groove, a Vfber fixed in the V-groove. a transparent adhesive covering an end of the fiber, the path-changing groove arxJ 
the PD chip, a fixing adhesive for fixing the fiber to the substrate, a resin moki package enclosing the substrate, the end 
of the fitter and the PD chip. 

[0035] In the PD module, the light beam emitted from the end of the f toer is introduced into the path-changing groove, 
30 is reflected by the slanting reflection plane and is guided into the PD via the bottom surface. This device is a planar type 
PD module, since the fiber is fixed on a single substrate. 

[0036] This invention forms the V-groove for mounting the fiber and the path-changing groove on the si^strate and 
mounts the PD chip on the substrate above the path-ctenging groove. The path-changing groove is wider than the PD. 
The path-changing groove is significant. Extending in a direction vertical to the axial line, the path-changing groove 
35 plays a role of changing the light path upward and a rote of guiding the adhesive to fill the space entirely beneatii the 
PD chip. Namely, the path-changing groove enables the adhesive to occupy all the space between the fiber end and the 
PD chip without void. The path-changing groove is so wide that the pre-hardened adhesive can flow into tiie narrow 
space with enough fluidity. 

[0037] In addition to the path-changing groove, the use of two kinds of adhesives is another feature of the invention. 

40 One is a transparent adhesive. The other is an opaque adhesive. The transparent adhesive should occupy the light path 
between the fiber and the PD. The opaque adhesive should fix the fiber to the V-groove. Soft silicone-type resin is suit- 
able for the transparent adhesive. Softness of the transparent adhesive alleviates the stress acting to the fiber end and 
the PD chip. Thermal expansion or contraction of the transparent resin is so small that the spatial relation t>etween the 
PD and the fiber is not brought out of order. The silicone-type soft resin can be half-hardened by ultraviolet light or heat. 

45 The hardening is not complete. The transparent adhesive keeps elasticity and absorbs the stress induced by the tem- 
perature change. Fortunately, the refractive index of the silicone-type resin is akin to that of the quartz f it>er. The silicone 
resin plays a role of a matchirtg oil for suppressing the reflection. The transparent resin shows little absorption for the 
infrared light of wavelengths between 1300nm and 1600nm. The prior art PD modules are used to paint the transparent 
resin overall on the substrate for the sake of transparency. It has been a common sense to employ the silicone-type 

so elastic transparent resin for fixing the fiber and the PD to the substrate. 

[0038] The current transparent resin is not sufficient for fixing tightly the fiber into the V-groove. since insufficient hard- 
ening of the transparent adhesive allows the fiber to deviate from the predetermined position in the V-groove. The elas- 
ticity which has been a merit for the transparent adhesive is now a drawback for the purpose of fixing the f ber on the 
substrate tightly. Then, this invention employs another adhesive which is excellent in hardening for fixing the fiber 

55 instead of the elastic, transparent adhesive. This adhesive is called a 'fixation adhesive" for disaiminating from tiie 
transparent adhesive. The role of the newly introduced fixation adhesive is only to fix tiie fiber to tiie V-groove. The fix- 
ation adhesive need not have transparency or a similar refractive index to the fiber. The refractive index is arbitrary for 
the fixation adhesive. Opaque resin is available for the fixation adhesive. Epoxy resin, for example, can be employed for 
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the fixation adhesive. 

[0039] The use of two adhesives is one of the features of the present invention. If two resins were supplied to the fiber, 
the PD and the groove at different timing without further cx)ntrivarrce, the fluidity would mix the two adhesives with each 
other and the opaque resin would shield the light path between the fiber and the PD. This invention prepares a contriv- 
5 ance for the problem of mixing of the two resins. The first PD module of the present invention has a lateral partition 
groove between two V-grooves for avoiding the mixture. 

[0040] The partition groove has a function of positioning the front end of the fiber. In addition, the partition groove has 
another function of providing a definite space for potting (applying) the transparent adhesive. The partition groove of the 
present invention is different from the lateral groove of Fig.5. The lateral groove of Fig.5 inhibits the PD module from 

w mounting a PD chip on the bank beyond the groove. This invention further forms a second smaller V-groove following 
the partition groove for ensuring a U-shaped surface for mounting the PD chip. The second V-groove enables the PD 
chip to ride on the same substrate as the fiber and the present module dispenses with two-substrate structure of Fig.5 
and Fig.6. Having the doutrie grooves, another prior art of Fig.7 to Fig.9 has no partition groove. The lack of the partition 
groove would forbid the module to separate two resins spatially. 

IS [0041] The second PD module of the present invention makes a wide path-changing groove beneath the PD chip for 
facilitating the transparent adhesive to fill the space completely without void by enhancing the flukiity. After the space 
has been fully filled with the first transparent adhesive without vokJ and the adhesive has half-hardened in the space, 
the fixation adhesive is applied to the substrate for fixing the fiber to the V-groova The supply of the fixation resin follows 
the half-hardening of the first resin. The time tag of the supply of the second resin prohibits the fixation resin from invad- 

20 ing the light path between the fiber and the PD chip. The path-changing groove shoukJ have a large volume allowing the 
first transparent resin to flow over and fill up the space including the path-changing groove. The path-changing groove 
shoukJ have a larger length than the PD chip for ensuring a large volume. A groove of the full width of the substrate is 
also available for the path-changing groove. The lateral length of the path-changing groove shouki satisfy an inequality. 



where L is the length of the path-changing groove. B is the width of the PD and H is the width of the substrate. The path- 
changing groove of the present invention is different from the lateral groove 14 in Fig.5. which refuses the PD chip to 
ride on the suk>strate. The path-changing groove allows the present invention to mount the PD chip on a further bank 

30 and a nearer banKs which are formed by the path-changing groove and the small V-groove. The PD chip is founded on 
the three banks. The breadth Q of the path-changing groove shouW be smaller than the length C of the PD. The lower 
limit of the breadth Q is determined by the height of the fiber core and the slanting angle 0 of the slanting reflection 
plane. The vertical distance between the fiber core and the substrate surface is equal to W - (D/2)cosec ^ , where W 
is the depth of the V-groove. D is the diameter of the fiber and 4) is a half bottom angle. The lower limit of Q is a product 

35 of the vertical distance by cote. A range of the breadth of the path-changing groove is restricted by an inequality 



When the grooves are made on the substrate by machine tools, arbitrary angles can be allotted to ♦ and 0. When the 
40 grooves are formed by silicon anisotropic etching on a (1 00) silicon wafer. <|> = 35 degrees arxl © = 54 degrees. Beades, 
the smaller V-groove preceding the path-changing groove should t>e narrower than the PD. Thus, this invention can 
mount the PD and the fber on the same single substrate. This invention can save one substrate in comparison with the 
prior device of Fig.5 and Fig.6. 

[0042] The first type of the invention is a PD having a partition groove, a larger V-groove and a smaller V-groove. The 
45 smaller V-groove has a narrow slanting reflecting plane at the end. The partition groove helps a resin to pervade into 
the space beneath the PD by increasing the effective volume of grooves. The partition groove has another role of posi- 
tioning the fiber at an exact ^t. The PD is sustained by three bases which means the existence of three inlets for the 
resin into the space under the PD. The transparent adhesive suppresses the reflection and the scattering in the space 
between the fiber erKi and the PD. since the adhesive has nearly equal refractive index to the fiber core. Other common 
50 advantages will be explained later with regard to the second type of the invention for avoiding repetition. 

[0043] The second type of the invention is a PD module having a path-changing groove and V-grooves. The path- 
changing groove has a wide slanting reflecting plane on a wall. The path-changing groove facilitates a resin to invade 
and occuf^ the space under the PD by enhancing the fluidity of the transparent resin. The transparent resin can fully 
fill the space between the fiber and the PD witiiout void. The light path between the fiber and the PD is occupied by the 
55 tran^arent resin having a refractive index sirrvlar to the fiber. Neither reflection nor refraction occurs at the interface 
between the fiber and the resin. The resin prohibits random scattering and random reflection from occurring. In addition 
to the optical properties, the transparent adhesive improves the physical property Since the transparent adhesive is 
processed by inradiating with ultraviolet light or by heating, the adhesive keeps elasticity to some extent, the elasticity 
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protects the fiber end or the PD from external stress or thermal stress. The ferrule and the fiber are stuck to the sub- 
strate firmly by the fixation adhesive. If the partition groove is added to the module, two kinds of adhesive will be spa- 
tially divided by the partition groove. The compensating use of two type adhesive is one feature of the invention which 
has never t>een suggested by prior art. 
5 [0044] The width Q of the path-changing groove is shorter than the length C of the PD. Bridging the path-changing 
groove, the PD can be in contact with the three bases separated by the V-groove and the path-changing groove. The 
inequality Q < C enables a single substrate to maintain the PD. 

[0045] This invention proposes a PD module of a planar structure which can be stored on a printed board with a total 
height less than 9mm. The small volume alleviates the cost and raises the utility. Such a narrow volume for storing is 
10 quite impossilsle to the prior cylindrical PD module hermetic-sealed in a metal package. In addition to the planar struc- 
ture, a plastic mold package further lowers the cost of the PD modules. 

[0046] This invention can be applied to a multi-PD module having a plurality of fibers and PDs. An increase of the 
number of PDs raises the effects of the path-changing groove for injecting the adhesive beneath the PD. the partition 
groove for enhancing fluidity of the adhesive, the V-groove for aligning the fiber, the transparent adhesive for suppress- 
15 ing the reflection or the scattering and the adoption of the inexpensive plastic package. These effects enable a PD mod- 
ule to reduce the cost of production and the cost of parts. 

[0047] Examples of the invention will be descrit>ed with reference to the several figures of the accompanying drawings 
in which: 

20 Fig. 1 is a vertically sectioned view of a part of the PD module suggested by German Patent DE3543558 C2 and 
by B. Hillerich & A. Geyer. "Self-aligned flat-pack fiber-photodiode coupling", ELECTRONICS LETTERS VOL24, 
N0.15. P918(1988). 

Rg.2 is a plan view of a part including a V-groove of the same PD module as Fig. 1 . 

25 

Rg.3 is a plan view of the part of tfie V-groove having an end of a fiber thereon. 

Fig.4 is a plan view of the part of the V-groove and the fiber having a PD chip covering the end of the fiber. 

30 Fig.5 is a perspective view of a first substrate of the PD module proposed by Japanese Patent Put)lication No.63- 
22565 (22565^88). 

Rg.6 is a perspective view of a second substrate of the PD module proposed by Japanese Patent Publication 
No.63-22565 (22565/'88). 

35 

Rg.7 is a longitudinal vertical sectioned view of a part of the PD module suggested by Japanese Patent Layirtg 
Open lSto.9-54228 (54228/'97). 

Rg.8 is a plan view of the same part as Fig.7 of the PD module suggested by Japanese Patent Laying Open No.9- 
40 54228 (54228^97). 

Rg.9 is a lateral vertical sectioned view of the double V-grooves of the same part as Fig.7 and Fig.8. 

Rg. 10 is a perspective view of a part of a first embodiment PD module of the present invention. 

45 

Rg. 1 1 is a lateral vertical sectioned view of the same part of the first embodiment PD nxxJule in the state carrying 
a PD chip. 

Rg. 12 is a longitudinal vertical section of the same part of the first embodiment PD module showing a bigger V- 
60 groove, a smaller V-groove and a partition groove. 

Rg. 13 is a plan view of the same part of the first erhbodiment PD module. 

Rg. 14 is a plan view of the same part having an end of an optical fiber on the V-groove. 

55 

Rg. 15 is a longitudinal sectional view of the same part of the first embodiment PD module having a PD chip, an 
end of the fiber, a transparent adhesive covering the PD chip and a fixation adhesive enclosing the fiber and the 
transparent adhesive. 
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Fig. 16 is a plan view of a Si substrate having grooves and metallized patterns employed by the first embodiment 
of the present invention. 

Fig. 1 7 is an enlarged longitudinal vertical section of a part of the path-changing part of the embodiment PD mod- 
5 ule. 

Fig. 18 is an oblique view of the Si substrate equipped with a ferrule, the fiber end, the PD, an AMP and other 
devices. 

10 Fig. 1 9(1 ) a r^an view of the path-changing part having the smaller V-groove and the slanting reflecting plane of the 
same embodiment PD module as Fig. 18. 

Fig. 1 9(2) a plan view of the fiber and the path-changing pari having the smaller V-groove and the slanting reflecting 
plane which reflects the rays emitted from the fiber end upward. 

15 

Fig. 19(3) a longitudinal vertical section of the fiber and the path-changing part having the smaller V-groove and the 
slanting reflecting plane which reflects the rays emitted from the fiber upward to the PD chip. 

Fig. 19(4) is a lateral vertical section of the bigger V-^roove. 

20 

Fig. 19(5) is a lateral vertical section of the smaller V-grodve. 

Fig.20 is a perspective view of the emkxxliment PD module having the Si substrate, the PD and the other electrorvc 
device sealed in a plastic molding package. 

25 

Fig.21 is a lateral vertical sectional view of the same embodiment PD module sectioned abng a tine including tiie 
PD as Fig.20. 

Fig.22 is a longitudinal vertical sectional view of the same embodiment PD module as Fig.20. 

Fig.23 is a lateral vertical sectional view of the same embodiment PD module sectioned along a line including the 
ferrule and the V-groove as ng-20. 

Fig.24 is a plan view of a substrate of a three-fiber type PD module, which is an application of the first embodiment 
35 PD nrxxJule. 

Fig.25 is a plan view of a substrate of a five-fiber type PD module, which is an application of the first embodiment 
PD module. 

40 Fig.26 is a perspective view of a second emtxxiiment tiaving a path-changing groove behind the partition groove 
for facilitating the pervasion of the transparent adhesive into a space beneath the PD chip. 

Fig.27 is a plan view of the same emlxxJiment having the path-changing groove in addition to the partition groove, 
the V-grooves, in which dotted line depicts a PD chip. 

45 

Fig.28 is a longitudinal sectional view of the same embodiment taken along a line 12-12 in Fig.27, the substrate 
having the longitudinal V-grooves, iateral partition groove, the lateral path-changing groove and tiie PD chip and 
being protected by a transparent adhesive and a fixation adhesive. 

so Fig.29 is a longitudinal sectional view of the substrate taken along a line 13-13 in Fig.27. 

Fig.30 is a longitudinal sectional view of another substrate taken along a similar line of Fig.29, in which the path- 
changing groove is changed to a V-groove. 

55 Fig.31 is a perspective view of a third embodiment PD module having a path-changing groove shorter tiian the full 
width of the substrate. 

Fig.32 is a plan view of tiie same embodiment PD module having tiie shorter path-changing groove arxJ a fiber end 
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in the V-groove. 

Rg.33 is a longitudinal vertical section of the same PD module including the PD, the fiber and the adhesives. taken 
along a line 18-18 in Fig.32. 

Rg.34 is a longitudinal vertical section of the sttetrate of the same embodiment, taken along a line 1 7-1 7 in Fig.32. 

Rg.35 Is a longitudinal vertical section of the substrate of another embodiment having a path-changing groove with 
a slanting rear surface. 

10 

Rg.36 is a perspective view of a fourth embodiment PD module having a V-groove. a short path-changing groove 
and a PD without a partition groove. 

Rg.37 is a plan view of the same embodiment PD module lacking the partition groove. 

IS 

Rg.38 is a longitudinal vertical section of the embodiment PD module having the fiber, the PD and adhesives. taken 
along a line 22-22 in Fig.37. 

Rg.39 is a longitudinal vertical section of the substrate of the embodiment PD module takien along a line 23-23 in 
20 Rg.37. 

Rg.40 is a longitudinal vertical section of a substrate of an embodiment similar to Fig.39. 

Rg.41 is a perspective view of a fifth embodiment of a PD module having a V-groove. a long path-changing groove 
25 and a PD without a partition groove. 

Rg.42 is a plan view of the same embodiment PD module lacking the partition groove as Fig.41 . 

Rg.43 is a longitudinal vertical section of the enixxliment PD module hiaving the f ber, the PD and adhesives taken 
so €dong a line 27-27 in Fig. 42. 

Fig.44 is a longitudinal vertical section of the substi^ate of tiie embodiment PD module taken along a line 28-28 in 
Rg.42. 

35 Fig. 45 is a longitudinal vertical section of a substrate of an embodiment similar to Fig.44. 

Rg.46 is a plan view of a Si sut)strate of the second embodiment PD module having longitudinal V-grooves. a par- 
tition groove, a path-changing groove, metallized patterns and devices. 

40 Fig.47 is an oblique view of the same Si substrate having longitudinal V-grooves, a lateral partition groove and a 
path-changing groove in acconnpanied by a fiber, a ferrule, a PD cfiip and wirings. 

Rg.48(1) is a plan view of the path-changing groove and the PD mounting t>ase on the same substrate as Fig.47. 
45 Fig. 48(2) is a plan view of the path-changing groove and the fiber for showing the rays emitted from the fiber end. 

Rg.4d(3) is a longitudinal vertical section of the path-changing part of the same ennbodiment as Fig.47. 
Rg.48(4) is a lateral section of the ferrule and the V-groove. 

so 

Fig.48(5) is a lateral section of the path-changing groove. 

Rg.49 is an enlarged lateral section of the path-cfianging part for showing the rays emanating from the fiber end 
and going into the PD via a txsttom. 

55 

Rg.50 is a plan view of a three-fiber type PD module, which is an application of the second emtxxiiment PD mod- 
ule. 
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Fig.51 is a plan view of a five-fiber type PD module, which is an application of the second embodiment PD module. 
Fig.52 is a plan view of a substrate of a further embodiment. 
5 Fig.53 is a longitudinal sectional view of the substrate of Fig.52. 

Fig.54 is an enlarged plan view of the part of the bases of the PD chip. 
[EMBODIMENT 1 : V-groove + partition groove + small V-groove] 

10 

[0048] EmtxKjiment 1 is exf^ained by referring to Fig, 1 0 to Fig, 1 5. Fig. 1 0 is a perspective view of a part for support- 
ing a fiber on the substrate. Fig. 11 is a lateral vertical section including the grooves of the substrate. Fig. 12 is a longi- 
tudinal section including the grooves of the substrate. 

[0049] The prepared substrate is a (1 00) Si wafer 33. Since silicon has a conductivity, a Si sut>strate cannot be applied 
IS to the platform of the PD module as it is. For eliminating the conductivity, a SiOg film is made on the Si wafer by sput- 
tering or anode oxidization. An appropriate thickness of the SiOa is 1 ftm to several micrometers. The patterned pho- 
toresist Is prepared on the Si02 coated Si sut>strate by painting a photoresist on the Si wafer, exposing the photoresist 
through a mask having [011] windows with a mercury lamp, developing the photoresist and perforating [Oil] windows 
in the resist. Then, the wafer covered with the photoresist is etched through the [01 1] windows of the resist layer by an 
so etchant having a faster etching speed in (100) plan^ and a slower etching speed in (1 1 1) planes. The anisotropic etch- 
ing makes the double V-grooves 34 and 35 coaxially in the direction [01 1]. The first V-groove 34 is deeper and wider 
than the second V-groove 35. The second V-groove 35 has a slanting reflection plane 37 at the end. The slanting reflec- 
tion plane 37 plays the role of a mirror for Introducing the rays into a PD. The set of the second V-groove 35 and the 
slanting reflection plane 37 is caWed a path-changing part. The slanting reflection plane 37 Is e.g., a (1 1 1) plane. Since 
25 silicon has a high refractive index, the bare silicon surface has an enough reflection rate. Coating the slanting plane with 
a metal film of nearly 1 00 % reflection rate Is further effective to guide the rays to the PD. Single anisotropic etching can 
make the larger first V-groove 34. the smaller second V-groove 35 and the slanting plane 37 on the silicon substrate at 
a stroke, since the walls are {1 1 1}s. 

[0050] Then, a partition groove 36 is made In the direction orthogonal to the V-grooves 34 and 35. If the partition 
30 groove shoukJ have vertical walls to the substrate, the partition groove cannot be made by the same anisotropic etching. 
The partition groove can toe formed by the reactive ion etching (RIE) with a high aspect ratio. Otherwise, the partition 
groove can be also made by cutting mechanically by a dicing saw. The depth of the partition groove 36 is deeper than 
the V-grooves 34 and 35. 

[0051] The partition groove 36 should have, preferably, vertical walls for positioning the end of a fiber. Instead of the 
35 vertical walls, another partition groove having slanting walls can position the end of the f ber. If the groove has slanting 
walls, the partition groove can be made by the same anisotropic etching for forming the V-grooves 34 and 35. This 
invention gives the partition groove two functions for storing the transparent adhesive and for positioning the fiber. Ver- 
tical walls are more suitat>le than slanting ones for the second role of positioning the f ber Slanting walls are equivalent 
to vertical walls for storing the transparent adhesive. The partition groove 36 should have a deeper d^th Q than the 
40 depths W and U of the V-grooves 34 and 35(Q>W>U). Slanting walls require a larger width to the partition groove 36 
than vertical walls. As shown in Fig. 1 1, an end of an optical fiber (core+cladding; the coating has been eliminated) 40 
is fixed on the first V-groove 34. A part of the fiber 40 appears above the surface. The center of the f it>er lies below the 
surface of the substrate. The depth W of the first V-groove 34 should satisfy inequalities. 

45 (D/2)cosec4> < W< (D/2)(1-K»sec<t>). (12) 

where ^ is haH of the bottom angle of the groove 34, D is the diameter of the fiber. The deptii W of the V-groove 34 is 
shallower than the V-grooves of prior art 1 and prior art 2. But the partition groove is deeper tiian the first V-groove 34. 
When the partition groove 36 is made by dicing process, a large deptii and a small width can be made for the groove. 
so The widtii is irrelevant to tiie depth in dicing. 

[0052] The depth U of tiie second groove 35 is restricted by a condition tiiat the bottom should be lower than the 
center of the fiber 40 and by another condition that the second groove 35 should be shallower than the first V-groove 
34. The allowable range of U is 

55 W-(D/2)cosec * < U < W. (13) 

[0053] When the grooves are made by the anisotropic etching on the silicon substrate, half of the bottom angle is ♦ = 
35' . The slanting angle of tiie (1 1 1) reflecting plane 37 of the path-changing part is 54« . The side slanting wails of tiie 
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V-grooves are (1-11) and (11-1). As shown in Fig. 12, the depths of the grooves are restricted by Q>W>U. A front wall 
38 of the partition groove 36 has the function of stopping the end of the fiber 40. The space between the front wall 38 
and a rear wall 39 will be filled with th6 transparent adhesive. As shown in the plan views of Fig. 13 and Fig. 14, the fiber 
40 rides on the first V-groove 34 with tne front end being in contact with the front wall 38, Although a PD chip is mounted 

5 on the substrate earlier than the fiber in practice. Fig. 10 exhtoits the state of fitting the fiber 40 on the V-groove 34 for 
denoting the f it>er end being positioned by the front wall 38 of the partition groove 36 and denoting the fiber end facing 
the slanting reflecting plane 37. A metal film is evaporated on the slanting plane 37 and the side walls of the V-groove 
35 for enhancing the reflection rate. A PD chip 42 is fixed on the substrate surface just above the path-changing part. 
For the purpose, metallized patterns are prepared on the substrate. The suitable PD chip is a bottom surface Incidence 

10 type PD which has a ring n-electrode on the bottom for allowing light beams to enter the PD via the bottom. The n-elec- 
trode is bonded on the metallized pattern of the substrate. 

[0054] The PD chip is, for example, an InGaAs PD cNp of a 450 square and a 200 thickness. Such a PD chip 
will be soldered at a predetermined spot on the metallized pattern. Then, the optical fiber 40 is inserted into the first V- 
groove 34 and temporarily pressed by a retaining tool. The contact of the f ber front end to the front wall 38 determines 

IS the position exactiy. A drop of the transparent resin 43 is supplied (potted) to the space including the partition groove 
36. the fcx>ttom of the PD 42 and the front end of the f ber. The potted rein should be an adhesive transparent to the light 
propagating in the f ber. The refractive index of the adhesive 43 should be nearly equal to that of the fiber. Silicone-type 
adhesive is suitable for the transparent adhesive for the sake of the optical property despite comparatively weak adhe- 
sion. The partition groove 36 helps the resin 43 to occupy the narrow space by enhancing the fluidity of the resin. The 

20 transparent resin (adhesive) 43 is indispensat>le for annihilating a void in the path between the fiber end and the PD 
chip 42. 

[0055] However, the transparent adhesive is not sufficient for keeping the fiber 40 on the V-groove 34 iDecause of the 
inherent weak adhesion. Another adhesive 44 having stronger adhesion should further be supplied to the fiber 40 and 
the V-groove 34 for tightly fixing the fiber 40 to the Si substrate 33. The second adhesive is called a *1ixation adhesive" 

25 in contrast to the transparent adhesive. The optical property is a matter of littie significance for the fixation adhesive 44. 
Namely, an opaque resin is availat>}e for the fixation adhesive 44. For example, an epoxy-type adhesive is suitat>le for 
the fixation adhesive due to strong adhesion. The ^oxy adhesion is an opaque resin. The fixation adhesive plays not 
only the role of sticking the fiber to the sutjstrate but also the role of protecting the transparent resin. The selective . jscj 
of two different adhesives can satisfy the requirements of the adhesion strength and the optical fran^rency No p; ior 

30 art has revealed such a contrivance. 

[0056] The PD 42 seents to be unstable from a glimpse at Fig. 1 5. In reality, the PD 42 is stable since the PD is sup- 
ported on three sides around the V-groove 35, as shown in Fig. 13. Fig. 14. Fig. 10 arxJ Fig.1 1. 

[0057] Fig, 16 is a plan view of the whole Si substrate 33. The V-groove 34 longitudinally extends at the center of the 
suk>strate 33. The smaller V-groove 35 follows the larger V-groove 34 along the center line. In general, a ferrule is 

35 attached to thin the end of a fiber. In the reverse direction to the smaller groove 35. a much larger V-groove 47 is formed 
for retaining the ferrule. The fil>er 40 has a cladding of a 125 jim diameter. The ferrule has a bigger diameter than the 
cladding. The ferrule requires the large V-groove 47 made on a lower front step 46. In Fig. 16. a front wide slanting plane 
45 is yielded by the same anisotropic etching as making the V-grooves 47.34 and 35. The middle step 48 has only the 
longitudinal V-groove 34 for the fiber. 

40 [0058] The rear plateau 49 has printed metallized patterns 50, 51 . 52 and 53 in addition to the path-changing part of 
the small second V-groove 35 and the mirror plane 37, The metallized patterns are either bases for mounting a PD. an 
amplifier IC, capacitors and other devices or wiring for connecting the electrodes of the devices to external lead pins. 
As explained before, the surface of the silicon substrate is covered with a Si02 insulating film. The metallized patterns 
are insulated from each other by the Si02 insulating film. Conductive silicon surfaces are exposed at the walls of the V- 

45 grooves. It does not matter, since the V-grooves are only in contact with an insulating fiber. 

[0059] Fig. 1 7 is an enlarged sectional view of the path-changing part depicted in Fig. 1 5. The optical fiber 40 consists 
of a core 57 and the cladding 56 which is in contact with the V-groove 34. The slanting walls of the second V-groove 35 
and the slanting reflection plane 37 are coated with a metal film 54 and 55 for reinforcing the reflection. In Fig. 17. the 
end of the fiber stays higher than the bottom of the V-groove 35. The end of the fiber, however, is positioned by the front 

so wall 38 of the partition groove 36. The V-groove 35 has a 71 degree bottom angle. Rays are emanating from the front 
end P of the fiber core 57. The rays disperse in a definite aperture angle. The aperture angle © is determined by the 
relation cos=n ^Mq . where n^ is the refractive index of the cladding and n© is the refractive index of the core. Three rays 
are denoted by PQ^ , PQ2 and PQ3. These rays are reflected by the slanting plane 37 and are guided into the PD chip 
42 via the bottom. 

55 [0080] The slanting angle of the reflecting plane 37 is not 45 degrees but 54 degrees. The reflected rays Qi Ri. Q2R2 
and Q3R3 are not perpendicular to the surface. The rays obliquely go into the PD of a higher refractive index. The rays 
propagate to the upper light receiving part (p-region and the pn-junction) 58 which changes the light to a cunent. The 
reflected rays at the bottom points Ri . R2 and R3 do not return to the fiber along tiie light path. If the rays returned along 
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the same path to the fiber, the rays would instabilize the light source LD. The use of the 54 degree of the slanting plane 
37 enables this invention to avoid the difficulty of the returning light. Conventional cylindrical PD modules were used to 
polish the end of the fiber slantingly at eight degrees for suppressing the reflected beam from returning to the LD. This 
invention is immune from the slanting polishing of the fiber end. The end of the fiber 40 is actually cut at 0 degree, as 
5 shown in Fig. 17. 

IC081] In the case of the near infrared light (1 .55 ^m or 1 .3 jim) for signal transmission, the PD chip should be an InP 
type PD which is produced on an InP substrate by epitaxially growing light receiving layers of InGaAsP or InGaAs on 
the InP substrate and making a pn-junction by diffusing zinc (Zn). The kinds of the PD are contingent upon the wave- 
length of the signal light. For visible light, a Si PD or a Si APD (avalanche photodiode) is also available. 

10 [O0S2] Fig. 18 is a perspective view of the Si sttostrate 33 provided with the f iber 40, the PD chip 42 or other devices. 
The PD 42 is soldered at the end of the metallized pattern 50 just above the path-changing part. An amplifier IC 59 Is 
mounted by soldering on another metallized pattern 52. Planar capacitances (die-cap) 61 and 62 are equipped on the 
metallized pattern 52 for redudng noise by decreasing the impedance of the source lines. The PD 42 has an annular 
bottom n-electrode (cathode) and a top p-electrode. The n-dectrode is joined to the metallized pattern 50. The top p- 

15 electrode is connected via a wire to an input of the amplifier IC 59. An output and a source pat of the arrplif ier are joined 
via wires to other metallized patterns 53 and 51 . The metallized pattern 52 is a ground. The amplifier enables the PD 
module to suppress external noise by anplrfying the photocurrent of the PD in the same package. 
[0083] The electronic parts are soldered to the patterns by heating in a solder-ref low furnace. Then, an optical fiber 
40 accompanied by a ferrule 60 is fixed to the Si substrate 33 by inserting the cladding to the first V-groove 34 and 

so putting the ferrule 60 onto the large V-groove 47 and adhering the ferrule 60 and the cladding by two steps of supplying 
two kinds of adhesives. The first step is to supplying (potting) a transparent adhesive to the restricted space including 
the end of the fiber 40, the partition groove 36 and the second V-groove 35. The second step is to replenishing an 
opaque fixation adhesive to the extra part around the ferrule 60 and the cladding of the f ber 40. 
[GCS4] Fig.19(1) and Fig.19(2) are plan views of parts of Rg.18. Fig.19(1) denotes the base for mounting a PD chip. 

25 The metallized pattern 50 extends from an edge of the substrate to the central part The metalliz^J pattern 50 has a 
notch including the second V-groove 35. An electrode pad 66 is formed on the notched metallized pattern 50 by evap- 
oration or plating (e.g.. Au-Sn). Four marks 67. 68. 69 and 70 are affixed at the corners of the metallized pattern 50 in 
the vicinity of the electrode pad 66 for positioning the PD 42 upon the pad. Fig. 1 9(2) shows the butting part of the fiber 
end against the front wall 38. The rays emitted from the fiber 40 are dispersed and reflected by the slanting plane 37 

30 and are guWed into the PD 42. Fig. 19(3) denotes the rays emanating from the ftoer. reflecting on the reflecting plane 
37 and entering the PD 42. Fig. 19(4) shows the section of the bigger V-groove 34 and the cladding of the fiber 40. Fig. 
19(5) denotes the section of the smalle* V-groove 35 and the beam spot on the slanting plane 37. 
[00S5] The half product shown in Fig. 1 8 is fitted upon a central part of a lead frame m^e by puncWng a metal plate. 
The lead frame has a plurality of leads exterKJing inward. The patterns are connected to corresponding leads by wires. 

35 Then, the silicon substrate arxJ the lead frame is inserted into a metallic mold. Fluid plastic is supplied into the metallic 
mold and is solidified in the mold. Extra parts extending from the solkiified plastic are cut off. The solidified plastic 
becomes a package. A plastic mold type PD module Is produced. Since the package is made from plastics, the PD 
module is inexpensive. The prior metal package PD module which stores a PD chip In a hermetic sealed cylindrical 
metal package is expensive due to the costly package and the complicated assembly. The plastic mold package is one 

40 of the features of the present invention. 

[0066] ng.20 is a perspective view of the complete PD module. Fig.2l is a lateral sectional view of the PD module. 
Fig.22 is a longitudinal sectional view of the PD module. Fig.23 Is a lateral sectional view of the same module in the 
vicinity of the ferrule. A transparent adhesive 43 covers the light path between the f ber 40 and the PD 42. A fixation 
adhesive 44 protects the transparent adhesive 43, the f ber 40 and the ferrule 60. A cheap plastic 72 further encloses 

45 the whole of the substrate 33, a lead frame 78. the fixation adhesive 44. Lead pins 73. 74, 75,76, 77. 83. 84 and 85 
extend from both sides of the plastic nx)ld package 72. The appearance is similar to ordinary moW type ICs. A different 
feature is the fen-ule 60 projecting from the front lace for coupling to an optical fiber. 

[0087] The explained exanples are PD modules for only a single fiber. This invention is also applicable to a PD mod- 
ule having plural PDs for plural f bers. 



[Embodiment of three-fiber type PD module] 

[0OS8] Fig.24 is a plan view of a Si substrate 86 of another embodiment applied to a three-fber type PD module. A 
single common partition groove 87 is dug laterally on the Si substrate 86. Three longitudinal V-grooves 88. 89 and 90 
55 are formed vertically to the common partition groove 87 in left half of the substrate 86 in Fig.24. Smaller second V- 
grooves 94, 95 and 98 follow the first V-grooves 88, 89 and 90. The ends of the second V-grooves are assigned to slant- 
ing reflecting planes. A path-changing part consists of the second V-groove and the reflecting plane. Similarly to the 
former embodiment, the V-grooves can be made by the anisotropic etching. The partition groove 87 can be cut by the 
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dicing saw. The partition groove can also be made by a directional etching, for example, RIE (reactive ion etching). The 
V-grooves can be formed by mechanical tools. 

[0069] PDs 97, 98 and 100 are fitted upon the substrate above the path-changing parts. Electronic devices 101 . 102. 
• • • , 109 are mounted on the rear bank of the Si substrate 86. The electronic devises are here amplifiers, capacitors 

5 or wave reformers. The first wider V-grooves 88, 89 and 90 keep fibers 91 , 92 and 93. The path-changing parts are full 
of the transparent adhesive. The fibers are maintained by the fixation adhesive. This exanple Is three-fiber type. 
Besides, four fiber type or more than four fiber type PD module can be designed in accordance with the teaching of the 
present invention. Unlike the former embodiment of Fig. 18, the three-fiber type embodiment has fibers 91 . 92 and 93 
not extending outward. This embodiment aims at coupling to a tape fiber assembly which has an array of f bers which 

10 do not extend outward also. Of course, a variation having ferrules projecting outward like Fig.20 is possble for the 
enti>odiment of Fig.24. Fig.24 shows only the skeleton of the PD-module. In practice, the whole of the substrate and the 
fibers will be molded by plastic. The embodiment is also a plastic mold package type device. Since the package is made 
from cheap plastic, the multi-fiber PD device is far more inexpensive than the metal package devices or the ceramic 
package devices. 



[Embodiment of five fiber type PD module] 

[0070] Fig.25 shows another embodiment of a five fiber type PD module. A wide rectangular Si substrate 120 having 
grooves are prepared by a wafer process on a Si wafer. The Si substrate 120 has a common lateral partition groove 121 

20 and five parallel V-grooves 122, 123. 124, 125. and 126 which are vertical to the partition groove 121. Smaller and 
shorter V-grooves 127, 128. 129. 130 and 131 follow larger and longer V-grooves 122 to 126 on the same axial lines. 
The smaller grooves 127 to 131 are ended with slanting r^lective (111) planes. An array 137 of PDs is attached above 
the reflecting planes on the substrate 120. Unlike the former embodiment of Fig.24, this en±»diment employs an array 
of PDs instead of isolated PDs. The embodiment has an advantage of sparing the time for alignment of the individual 

25 PDs. Electronic devices 138. 139 and 140, for ecample. capacitors, amplifiers or so. are install^ upon the rear t>ank of 
the Si substrate 120. Optical fibers 132. 133. 134. 135 and 136 are embedded in the V-grooves 122 to 126. The fibers 
132 to 136 do not project outward from the front surface. The front surface is smooth. Fig.25 shows only the skeleton. 
The substrate 1 20. the fibers, the PD array 1 37 and the devices will be enclosed by molding plastic for a complete multi- 
fiber PD module. A f ive-fd^er type connector will be attached by some means in front of the module for communicating 

30 with the inner fibers 132 to 1 36. The first category of the present invention have been explained hitherto. Another cate* 
gory of the present invention including the path-changing groove will further be explained from now onward. 

[EMBODIMENT 2: V-groove -i- partition groove + smaller V-groove + path-changing groove] 

35 [0071] Fig.26 to Fig.30 demonstrate a second embodiment including a path-changing groove. Rg.26 shows a part of 
coupling a fiber to a PD in a perspective view. Fig.27 is a plan view of a similar part. Rg.28 is a section taken along a 
line 12-12 in Fig.27. Fig.22 is a section taken along a line 13-13 in Fig.27. Fig.30 shows a similar sectbn of a variation. 
[0072] Besides the partition groove, this category adds a path-changing groove to the former category which has 
been explained. The path-changing groove aims at facilitating the transparent adhesive to occupy the path between the 

40 fiber end and the PD without vokJ. The platlorm as a sut>strate has a plurality of grooves. The grooves are formed either 
by mechanical tools or by wet etching. When the grooves are made by mechanical tools, the materia! of the substrate 
may be a metal, a ceramic or another insulator. When the grooves are formed by anisotropic etching, the substrate Is 
preferat^y a (100) silicon single crystal. In the case of the Si substrate, a SiOs film should be formed on the silicon sub- 
strate by sputtering or oxidization. TTie thickness of the Si02 film shouW be 1 micrometer to several mterometers for 

45 insulating the surface of the substrate. A patterned resist film is prepared by the steps of painting a photoresist on the 
substrate, laying a mask having patterns of windows in [011]-direction on the resist-coated substrate, exposing the 
resist through the mask, artd developing the resist. The resist film has [011] direction windows. [011]-directing V- 
grooves are formed by etching the substrate through the mask with a special etchant having a faster etching rate in 
[100] direction and a slower etching rate in [1 1 1] direction. The difference of the etching speeds forms a [01 1] directed 

so V-groove 34 by making {111} side walls in the [110] wirKlows. The depth and the width of the V-groove 34 are deter- 
mined for maintaining the fiber. A partition groove 36 is dug laterally at the inner end of the V-groove 34. As shown in 
Fig.28 and Fig.29. the partition groove 36 is deeper than the V-groove 34. The partition groove 36 can be formed either 
by etchir>g or by a mechanical tool, for example, a didng saw. It is better for the partition groove 36 to have a p«'pen- 
dicular walls for the purpose of positioning the end of the fitter. But a partition groove of slanting walls is also availat)le. 

55 [0073] A smaller V-groove 35 is formed on the side over the partition groove 36. The V-groove 35 is a short, small 
groove. A path-changing groove 31 is further made at the end of tfie second V-groove 35 in a lateral direction. The sec- 
ond category is featured by the path-changing groove 31 . The path-changing groove 31 has a vertical rear wall and a 
slanting front wall 41. The slanting front wall 41 extends from a side to another side. The slanting front wall 41 has the 
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role of reflecting the beam emanating from the fiber up to a PD chip 42. Since the wall 41 of the groove 31 changes the 
path of the light, the groove 31 is called a path-changing groove. The width Q of the path-changing groove 31 is smaller 
than the length C of the PD 42. The path-changing groove 31 may have a naked Si surface. The slanting reflection wall 
41 has an enough reflection rate due to the difference between silicon and air. It is preferable to form a metal film (e.g., 
5 Al or Au) by evaporation on the slanting reflection wall 41 or the path-changing groove 31 for enhancing the reflection. 
The metal film can raise the reflection rate up to about 100%. 

[0074] The embodiment forms four grooves 34, 35, 36 and 31 on the substrate. These grooves can be made by 
mechanical processing using a Wade, Othenwise. the grooves can be made by the anisotropic etching. Hybrid use of 
the mechanical tool and the anisotropic etching is also available. The RIE etching is applicable to the formation of the 
10 vertical walls of the partition groove and the path-changing groove. 

[0075] In the case of the anisotropic etching, the direction of the V-grooves should be determined to be [01 1]-dlrection. 
The walls of the V-grooves 34 and the 35 are a (1-1 1) plane and a (1 1-1) plane. The reflection plane 41 is a (1 1 1) plane. 
The direction of the partition groove 36 and the path-changing groove 31 is [0-1 1]. The vertical walls of the partition 
groove 36 are (0±1±1 ) planes. 

75 [0076] A narrow stripe 110 remains on the surface of the substrate between the partition groove 36 and the path- 
changing groove 31 . A wide rear surface 1 1 1 exists beyond the path-changing groove 31 . The stripe 110 and the rear 
surface 1 1 1 have a role as a base of the PD chip. Spanning the path-changing groove 31 , the PD chip 42 lies upon the 
tK>th sides of the stripe 1 1 0 and the rear wide surface 111. The PD 42 is fixed by die-bonding at the three regions on 
the substrate 33. The existence of the two regions on the stripe 1 10 is important. Two small regions on the stripe 110 

so contribute to the base of the PD. If there were no stripe 1 10, supporting of the PD would require another sitostrate like 
the prior art of Fig.5 and Fig.6. The narrow two regions on the stripe 1 10 dispense with a substrate. The smallness of 
the second V-groove 35 is essential to keep the inner edges of the strpe 1 10 as the bases. 

[0077] An optical fiber (core+cladding) 40 d^ived of the coating is inserted into the V-groove34. The axial position 
of the fiber 40 is rigorously detenmined by the front wall 38 of the partition groove 36, as shown in Fig.26 to Fig.28. A 

25 transparent adhesive 43 is pott«i to the space including the fiber end. the front part of the V-groove 34, the narrow V- 
groove 35, the partition groove 36. PD chip 42, and the path-changing groove 31 . The transparent adhesive 43 shoukJ 
have a refractive index similar to the itb&r for suppressing the reflection at the end of the fiber 40. The transparent adhe- 
sive is. e.g.. silicone type resin. The silicone type resin can be half-hardened by irradiating ultraviolet rays or kiy heating. 
The resin is not completely hardened. After the hardening step, the transparent resin still keeps an elastic state like a 

30 gelatin which reduces the occurrence of inner stress. 

[0078] The optical fiber 40 is stuck to the V-groove 34 by a strong fixation adhesive 44 different from the transparent 
adhesive 43. The fixation adhesive 44 covers the transparent adhesive 43 and tightly glues the f toer 40 to the V-groove 
34. 

[0079] The fixation adhesive 44 need not be transparent for the light. Opaque adhesive is also available. The fixation 
35 adhesive 44 is free from the restriction on the refractive index. Strong adhesion is a requirement for the fixation adhe- 
sive 44. The fixation adhesive 44 enck>ses the gelatinous transparent adhesive 43. For example, an epoxy resin is 
employed for the fixation adhesive 44. Since the outer fixation adhesive 44 protects the inner gelatinous transparent 
adhesive 43 like a skeleton, no external stress acts on the transparent adhesive 43. The inner tran^rent adhesive 43 
does not lose inherent elasticity. The outer fixation adhesive 44 protects the inner transparent adhesive 43. This inven- 
40 tton has a feature of using two different adhesives for exploiting the complementary properties of two different adhe- 
. sives. No prior art alluded to the complementary use of two different adhesives. 

[0080] The partition groove 36 and the path-changing groove 31 extend In the lateral direction from a side to the other 
side. The lateral extension facilitates the transparent adhesive 43 to pervade the space beneath the PD chip 42 without 
leaving a void. This invention is entirely different from the prior art of Fig.1 to Fig.4 in the laterally-extending path-chang- 
45 ing groove. The V-groove 34 which determines the exact position of the fiber 40 excludes the alignment operation of the 
fiber to the PD. Elimination of the alignment reduces the cost of production. The PD chip 42 is exactly mounted at a suit- 
able spot on the sut^trate 33 by the aid of the four positioning marks printed on the substrate. 

[0081 ] Rg.30 shows an another embodiment which has a V-sectioned path-changing groove 31 . The essential feature 
of the path-changing groove is the slanting reflective plane 41 . Thus, the V-section is also allowable for the path-chang- 
so ing groove 31 . In this embodiment, the rays emanating from the fiber 40 pass through the smaller V-groove 35. shoot 
the slanting plane 41 and rise up into the PD chip 42. 

10QB2] 4> denotes half of the bottom angle of the V-groove. When the anisotropic etching makes the V-groove, <t> is 35 
degrees. The slanting angle of the slanting plane 41 (1 1 1) of the path-changing groove 31 is 54 degrees. The slanting 
planes of the V-groove 34 are (1-1 1) and (11-1) planes. In practice, mounting the PD chip 42 precedes the attachment 
55 of the fiber 40. The slanting plane 41 and the second groove 35 should be coated with a metal film by evaporation for 
raising the reflection rate. The PD chip 42 is positioned just above the path-changing groove 31 on the substrate 33. A 
metallized pattern has been printed on the substrate for bonding the PD chip 42 thereon. A bottom incidence type PD 
is suitable for the embodiment. The bottom incidence type PD has an annular n-electrode on the bottom surface for 
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allowing light to go into the PD. The PD 42 is fixed by bonding the bottom electrode on the metallized pattern. 
I(m3] The PD chip is. for example, a 450 ^m square InGaAs PD with a 200 ^m thickness {B=450 nm, C=450 jim). 
The PD chip 42 is soldered at the determined position on the stripe 110 arxJ rear bank 111. The width Q of the path- 
changing groove 31 should be less than 450 fim (Q<C). Furthermore, since the margins of bonding are necessary for 
5 the bank 111 and the stripe 1 10. the width Q of the path-changing groove 31 preferably is 1 50 to 250 fun. The front 
end of the fiber 40 is slightly distanced from the PD chip 42. Unlike the prior PD module of Fig.1 to Fig.4. the fiber does 
not submerge beneath the PD chip. The ridge of the fiber 40 may be either lower or higher than the substrate surface. 
The ridge can be just as high as the substrate surface. Here, W is the depth of the V-groove, ^ is half of the bottom angle 
and D is the cladding diameter of the fiber. The extra projection of the fiber ridge from the surface is given by. 



[EMBODIMENT 3:V-groove -i- partition groove + smaller V-groove + path-changing groove] 

15 [OQM] Fig.31 to Fig.35 demonstrate Embodiment 3 having a substrate with a V-groove 34 followed by a smaller V- 
groove 35 aligning in the axial direction. A partition groove 36 and a path-changing groove 1 12 are formed on the sub- 
strate perpendicular to the V-grooves 35 and 36. The width Q of the path-changing groove 1 1 2 is shorter than the length 
C of the PD chip (Q<C). But the length L of the path-changing groove 112 is shorter than En^odiment 2. However, the 
length L of the path-changing groove 112 is still longer than the width B of the PD chip (B<L). When the PD chip 42 is 

so mounted above the path-changing groove 112, txrth sides of the path-changing groove 1 12 reveal. The length L off the 
path-changing groove 112, the width B of the PD 42 and the breadth H of the substrate should satisfy an inequality 
B<LsH. Embodiment 2 proposed a long path-changing groove {L=H). Embodiment 3 enploys a short path-changing 
groove (B<L<H). In any cases, a path-changing groove shorter than the width B of the PD {L<B) is forbidden, since the 
closed path-changing groove suppresses the adhesive from occupying the space just t>ebw the PD chip. 

25 [0085] Like Embodiment 2. Embocfiment 3 has the longitudinal larger V-groove 34 in the axial direction and the lateral 
partition groove 36 at the front end of the V-groove 34. The partition groove 36 can be made either by dicing or by etch- 
ing, A short, smaller V-groove 35 follows the partition groove 36 on the same axial line as the larger V-groove 34. The 
path-changing groove 1 1 2 lies at the front end of the second V-groove 35. The path-changing groove 112 has a shorter 
length L than the full width H of the substrate 33. Similarly to Embodiment 2. the light emanating from tiie fiber 40. 

30 passes the second V-groove 35 in a transparent adhesive 43. shoots a slanting reflection plane 1 13 of the path-chang- 
ing groove 1 12. Being reflected the slanting reflecting plane 113, the light goes into the PD 42 via the bottom. The 
reflection angle is determined by tiie slanting angle of the plane 1 13. The path-changing groove 1 12 of Fig. 31 to Fig.34 
has a section of an asymmetric reverse trapezoid. The path-changing groove 112 can be replaced by a V-groove as 
shown in Fig.35. The PD is In contact with two points of a stripe 110 between the partition groove 36 and the path- 

35 changing groove 1 12 and a rear bank 1 1 1 of the path-changing groove 112. 

[0(^6] As shown in Fig.33, the transparent adhesive 43 is only potted to the space including the PD 42, the second 
V-groove 35. the partition groove 36. the path-changing groove 1 12 and the end of the fiber 40. The path-changing 
groove 1 12 alms at pervasion of the transparent resin 43 into the narrow space beneath the PD chip. The partition 
groove 36 has the roles of guiding tiie transparent resin 43 into the narrow second V-groove 35 and of positioning the 

40 front end of the fitter. Preferat>ly, a metal film or a dielectric film is provided to the slanting reflecting plane 113. 

[0087] The end of the fiber does not suljmerge into the nan^ow space below the PD 42. The end separates from the 
PD. The separation allows the ridge of the fiber either to project upward from the surface 1 1 1 of the substrate 33 
(W<{D/2)(1+cosec ^ )) or to sink in the V-groove 34 entirely (W>(D/2)(1+oosec 4> )) . Here. D is tiie diameter of the 
fiber. W is a depth of the V-groove and ^ is half of the kx)ttom angle of the V-groove. 

45 [0088] The partition groove 36 determines the position the fiber in the axial direction at the front wall 38. Like Embod- 
iment 2, tiie end of the ftoer 40 is stuck to the substrate by potting tiie transparent adhesive 43 to the space including 
the partition groove 36. tiie second V-groove 35 and the path-changing groove 112. The transparent adhesive 43 which 
has a refractive index similar to the fiber fills the region between the fiber 40 and the PD 42 without void. The fiber 40 
is fastened by supplying a fixation adhesive 44 to the fiber. The fixation adhesive 44 has the role of protecting the elas- 

so ticity of the inner transparent adhesive 43 by forming a hard skeleton. 

[EMBODIMENT 4:V-groove + path-changing groove] 

[0(^9] Fig.36 to Fig.40 demonstrate Embodiment 4 which is a simplified example. A silicon substrate 33 has a longi- 
55 tudinal V-groove 34 and a lateral path-changing groove 114 following the V-groove 34 directly Embodiment 4 lacks the 
second V-groove and the partition groove. The width Q of the path-changing groove 1 14 is shorter than the length C of 
the PD 42. The groove 1 14 has a slanting reflection plane 1 15. The PD 42 is first bonded on the metallized pattern of 
the substrate. The f ber 40 is inserted into tfie V-groove 34 and glued to the V-groove 34 l)y a transparent adhesive 43 
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which is partially suppited to a space having the path-changing groove 114 and a part of the V-groove 34. The path- 
changing groove 1 14 helps the adhesive 43 to occupy the whole space under the PD without void. Extending in the lat- 
eral direction, the path-changing groove 114 does not traverse the full width of the substrate (H). The path-changing 
groove 1 14 is longer than the width B of the PD 42. The length L of the groove 114 satisfies an inequality of B<L<H. 

5 The PD 42 has three bases on the surface, one side and the other side of the V-groove 34 and a rear bank 1 1 1 of the 
path-changing groove 1 14. A metal film is optionally coated on the slanting reflecting plane 115 and the path-changing 
groove 114. The slanting reflecting plane 1 1 5 and the V-groove 34 can be formed by chemical etching. The vertical rear 
wall of the path-changing groove 1 14 can be cut either by a mechanical tool or by an RIE (reactive ion etching). The 
path-changing groove 114 can be a V-groove as shown in Fig. 40. In the case, the anisotropic etching can make the V- 

70 groove 34. tiie path-changing groove 1 14 at a stroke. 

[0090] This emtKxliment spares the small second V-groove. The front side bases of the PD recede in reverse side 
directions. The side bases are narrower than the former embodiments. The gap T of the V-groove 34 is given by 
T = 2Wtan ^ , where W is the deptii of the V-groove 34 and <|> is half of the tx)ttom angle of the V-groove 34. The gap T 
should be smaller than the PD width B (T<B) for allowing the PD to bridge the skUe bases 110. An inequality 

75 2Wtan ^ <B can always be satisfied by reducing W. because the fiber need not be fully buried in the V-groove 34. A 
small rate B/D forces the ridge of the fiber 40 to protrude from the V-groove 34. 

[0091 ] When the ridge of the fiber Is just on a level with the substrate surface, W « (D/2)(1 + cosec <|>) . The gap T 
between the side bases is T = Dtan 4> (1 + cosec <t») . When ttie PD width B is larger than the gap T. the PD can bridge 
the gap. K B>Dtan 4» (1+cosec ♦) . the PD can be mounted on the both skie bases 1 10. <|>=35*» requires an inequality of 
20 B>1 .96D for the PD. For De125 fun, B should be longer than 245 \im. Since the PD has generally a skie (B. C) of 400 
^m to 500 fim, the PD has enough margins for bonding. 

[EMBODIMENT 5:V groove + path-changing groove] 

25 [0092] Fig.41 to Fig.45 denote Entbodtment 5 which lacks the partition groove and the second V-gropve. A longitudinal 
V-groove 34 is cut on a substrate 33. A path-changing groove 116 is formed in the lateral direction. The V-groove 34 
meets at right angles with the path-changing groove 116. The front of the path-changing groove 1 1 6 is a slanting reflect- 
ing plane 1 17. In the embodiment, the patii-changing groove 1 16 is as long as the width of the substrate H (L=H). The 
equality L=H facilitates a machine tool to dig the path-changing groove 116. Embodiment 5 (b=H) differs from Entxxi- 

30 iment 4 (L<H) only in the length L of the groove 1 1 6. Other sizes and features are similar to Embodiment 4. 

[0093] A PD 42 is supported on three bases 110 and 1 1 1 of the substrate. An optical ftoer 40 is laid in tiie V-groove 
34 of the substrate 33 having the PD 42. A transparent adhesive 43 is supplied to the ifber end, the path-changing 
groove 1 1 6 and the PD 42. The long path-changing groove 1 1 6 enhances the fluidity of the transparent resin 43 for per- 
vading the space beneath the PD 42 without making bubbles. The path-changing groove 116 and the slanting plane 1 1 7 

35 preferably should be coated with a metal film. The slanting reflecting plane 117 and the V-groove 34 can be made by 
etching. The rear wall of the path-changing groove 116 can be cut vertically by a machine. The RIE can also produce 
the rear wall of the path-changing groove 116. The section of the groove 1 16 is a reverse trapezod. The section of the 
path-changing groove 116 can be replaced by a simple V-groove. In the case, the anisotropic etching can produce the 
V-groove 34 and the path-changing groove 1 16 at a stretch. 

40 [0094] A fixation adhesive 44 is further supplied onto the fiber 40 and the transparent resin 43. Fig.46 is a plan view 
of the whole Si substrate 33 corresponding to EmtxKliment 2. A long V-groove 34 is dug along a central line in the mid- 
dle of the substrate 33 for sustaining an optical fiber (cladding + core). A bigger V-groove 1 18 is formed before tiie V- 
groove 34 along a common central line for hokJing a ferrule attached on the fi3er. The cladding has a diameter of 125 
^m. The fen-ule having a larger diameter than the cladding requires the big groove 118. Both banks of the big V-groove 

45 1 18 are lower steps 150. A slope 1 19 joins the lower steps 150 to a mkldle region 151 . The slope 1 19 is produced by 
the same anisotropic etching as that for making the V-groove 1 1 8, the V-groove 34 and a smaller V-groove 35. The mid- 
dle region 151 has only the central longitudinal V-groove 34. 

[0095] A rear region 152 follows the middle region 1 51 . The rear regk>n 1 52 and the middle region 1 51 are separated 
by a partition groove 36 formed in the lateral direction. A small second V-groove 35 and a path-changing groove31 are 
60 formed on the rear region 152. Metallized wiring patterns 1S3 arKi 154 are formed on the rear region 152 by printing or 
vacuum evaporation. 

A PD 42 will be mounted on three metallized bases which are separated by tiie second V-groove 35 and the path- 
changing groove 31. The rear region 152 will be furnished with an amplifier IC 155. a capacitor 156 and other electron- 
ics devices in addition to the PD 42. The metallized patterns are replenished for the sake of attaching the devices. The 
55 metallized patters are insulated from the Si substrate, since the Si substrate is fully coated with a silicon oxkJe film 
{Si02) and the metallized patterns are formed on the Si02 film. 

[0096] Fig.47 is a perspective view of the Si substrate equipped with the PD. tiie AMP. the capacitances, a fiber and 
a ferrule at the predetermined positions. The PD 42 is soldered at an end of tiie pattern 154 which is just above the 
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path-changing groove 31 and on an extension of the V-groove 34. The preanrplH ier IC (AMP) 155 is bonded on another 
metallized pattern 1 53 before the PD 42. The planar capacitors (di-cap) 156 and 158 are bonded on the pattern 153 for 
reducing noise by decreasing the source impedance. The PD 42, bottom-incidence type, has an annular n-electrode 
(cathode) on the bottom which is directly bonded on the metallized pattern 154. A top p-electrode of the PD Is con- 
5 nected to an input pad of the preampltfier 155 by a wire 161. An output pad of the AMP 155 is joined to a metallized 
pattern 159 by a wire 163. The metallized pattern 153 serves the earth level to the AMP 155. The AMP 155 endows the 
PD module with high resistance against the external noise by amplifying the weak signal cun^ent of the PD in the same 
package. 

[0097] The electronic devices are all sokJered at a stroke in a solder ref low-furnace on the determined metallized pat- 
io terns of the substrate. The devices and the patterns are connected by wirelwnding. Then, a ferrule 165 holding an opti- 
cal fitter 40 is inserted into the big V-groove 1 18. The ftoer 40 is laid in the V-groove 34. The fiber end is stopped by the 
front wall 38 of the partition groove 36. The temporary structure is shown in Fig.47. Two kind of resins are used as adhe- 
sives. First, a transparent adhesive 43 is potted to a restricted space including the f toer end, the partition groove 36. the 
second small V-groove 35, the path-changing groove 31 and the PD 42. The existence of the long path-changing groove 
15 31 enhances the fluidity of the transparent resin arxJ facilitates the adhesive 43 to pervade in the space between the 
fiber and the PD without bubbles. Second, a fixation adhesive 44 is painted on the fiber 40, the ferrule 165 and the 
transparent resin 43. When the fixation adhesive 44 is dried and hardened, the ferrule 165 and the fit>er 40 are tightly 
stuck to the sut>strate 33. 

lOtBS] Fig.48(1) to Fig.48(5) are partial views of some parts of the module shown in Fig.47. Fig.48(1) is a plan view 
20 of the bases for mounting the PD chip 42 denoted by dotted lines. The path-changing groove 31 and the slanting reflect- 
ing plane 41 are lined with a metal film in order to heighten the reflection power. The metallized pattern 154 extending 
from the right side of the sul>strate 33 is divided into three parts by the path-changing groove 31 in the vicinity of the 
second V-groove 35. The three parts have electrode pads 166 (e.g.. Au-Sn) fc»rmed on the pattern 1 54 by vacuum-evap- 
oration or electro-plating. Two smaller pads are made on the stripe t>ases 110 held by the second V-groove 35 and the 
25 path-changing groove 31 . A larger pad 166 is made on the rear bank base 111. The bottom n-electrode of the PD is 
glued to the three pads. 

10099] Four acSustment marks 1 67. 1 68. 1 69 and 1 70 are printed outside of the PD base pads for adjusting the posi- 
tion of the PD 42. The PD 42 is laid on a determined spot by observing the four nnarks and coinckiing the four corners 
of the PD 42 with the marks. The PD stably lies on the three bases on the stripe 110 and the rear bank 111, brkJging 

30 the V-groove 35 and the path-changing groove 31 . 

[0100] Fig.48(2) shows the fber end adjoining to the partition groove 36 and the second V-groove 35. The light ema- 
nating from the fiber 40 passes the V-groove 35 and shoots the slanting reflection plane 41. The slanting plane 41 
reflects the light upward and gukJes the light into the PD 42 via the bottom. Fig.48(3) shows the r^ emitted from the 
fiber. The rays are reflected on the plane 41 , introduced into the PD. and detected at the pn-junction near the top of the 

35 PD. Fig.48 (4) is a section of the V-groove 34 having the fiber 40 for denoting the definitions of the depth W, the gap T 
and the half of bottom angle ^, Fig.48 (5) is a section of the path-changing groove 31 . A round denotes the spot of rays. 
[0101] Fig.49 is an enlarged section in the vkiinity of the partition groove 36, the second V-groove 35. the path-chang- 
ing groove 31 and the PD 42. The fiber 40 consists of a core 171 and a cladding 172. The path-changing groove 31 and 
the slanting reflection plane 41 is lined with a metal film for improving the reflection rate. Adjoining the front end of ifber 

40 to the front wall 38 of the partition groove 36 determines the axia! position of the fiber. The second V-groove 35 has a 
71* bottom angle (4> = 35* ). The light emanating from the fiber 40 disperses in an aperture angle e which is given tjy 
cos 6 s n ^/n^ , where n^ is a refractive index of the cladding and no is a refractive index of the core. Dispersing rays 
are denoted by PQ^ , PQg and PQ3. 

[0102] The slanting reflection plane 41 reflects the rays upward to 0^\J^. Q2U2 and Q3U3. The rays go into the PD 42. 
45 Since the PD 42 has a refractive index larger than the transparent resin 43. the rays are refracted and reflected at the 
interface. Refracted rays U1R1, U2R2 and U3R3 reach the sensing region S including the pn-junction. The rays are con- 
verted into photocurrent. 

[0103] The slanting angle of the reflection plane 41 is not 45 degrees but 54 degrees. The reflected rays Qi Ui , Q2U2 
and Q3U3 are not rectangular to the PD bottom. The rays are partially reflected at the t^ottom. The reflected rays cannot 

so return along the same paths to the fiber, since the reflected angle is not 90 degrees at Ui, U2 and U3. If the reflected 
rays returned to the fiber and the LD as a signal light source, the returning light would instabilize the LD operation by 
perturbing the gain of a resonator of the LD. This invention is immune from the LD instability induced by the returning 
light due to the slanting angle different from 45 degrees. This is one of the advantages of the present inventk>n. Con- 
ventional metal package type PD modules are used to cut the end of the fiber slantingly, for example, at eight degrees 

55 for avoiding the return of the light to the LD. This invention di^enses with the oblique fiber end. Fig.49 shows a non- 
slanting end of the fiber. 

[0104] The transparent resin 43 has a refractive index nearly equal to the refractive index of the fiber. No reflection 
occurs at the end P of the fiber. 
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[0105] When near-infrared light (1.55 nm or 1.3 ^im) is employed as a carrier of light signals, the PD should be an 
InGaAs type or an InGaAsP type which is produced by growing an InGaAs light receiving layer or an InGaAsP light 
receiving layer on an InP sitostrate. diffusing Zn through a mask for making a p-region and forming a pn-junction. Si-PD 
or Si-APD Is sometimes available for the signal light of other wavelengths. 

5 [01 061 When the devices have mounted on the substrate as shown in Fig. 47, the device-loaded substrate is laid upon 
a leadf rame which is made by punching a thin metal plate. Tfie patterns on the substrate are connected by wires to cor- 
responding leads. The leadframe-carrying substrate is encapsulated by inserting the substrate into a moid, supplying a 
fluid resin into the mold, and hardening the resin in the mold by cooling or heating. Then, the leads extending outward 
are cut away. The moldai resin has the role of a package. Thus, a PD module in a plastic mold package Is produced. 

10 The plastic mold package device is inexpensive. Prior cylindrical PD modules have employed metal packages, for her- 
metic-sealing the cylindrical structure. The metal packages raised the cost of the prior PD modules. This invention can 
alleviate the cost by enploying cheap plastic mold packages. Plastic mold package is another advantage of the present 
invention. The figures of the PD module of the second embodiment in a plastic mold package are now omitted, since 
the figures are quite similar to the former example shown in Rg.20, 21. 22 and 23. 



[Embodiment of three-fiber type PD module] 

[0107] In addition to a single PD module, this invention can easily be applied to multi-PD modules. Fig.SO is a plan 
view of a three PD type embodiment which has three PDs. tiiree fibers and three V-grooves on a single substrate. A Si 
so substrate 33 has a lateral side longer than a longitudinal side. A common long partition groove 36 is dug in the lateral 
direction in the middle of the Si substrate 33. Three parallel first V-grooves 34 are formed from an end of tiie substrate 

33 to the partition groove 36. The V-grooves 34 meet at right angles to the partition groove 36. Smaller second V- 
grooves 35 follow the common partition groove 36 on extensions of the first V-grooves 34. A common long path-chang- 
ing groove 31 is formed in the lateral direction. The path-changing groove 31 adjoins the s«x)nd V-grooves 35. The front 

25 wall of the path-changing groove 31 is a slanting reflection plane 41 for charging the light path upward. The V-grooves 

34 and 35 can also be fabricated by the anisotropic etching like the former embodiments. The partition groove 36 can 
be made by a dicing saw or otiier nr^chtne tools. The partition groove 36 can othenwise made by the RIE (reactive ion 
etching) which has excellent directivity. Of course, the V-g-ooves 34 and 35 can be made by the mechanical tools. 
[0108] Three PD chips 42 are attached on the substrate above the path-changing groove 31 . Each PD 42 is sustained 

30 by three bases like the former examples. The PD 42 spans tiie second V-groove 35 and the patii-changing groove 31 . 
Amplifier ICs 1 55 and otiier electronic devices 1 75 and 1 76 are furnished in the vicinity of the PDs 42 on the rear bank 
1 52 of the substrate. Optical fibers 40 are Imbedded in the V-grooves 34. Each light path from the fiber to the PD is filled 
with a transparent resin having a refractive index nearly equal to the fiber. The partition groove 36 and the path-chang- 
ing groove 31 are effective for the transparent adhesive to pervade in the space urKler the PD without void. The fiber 40 

35 is glued to the V-groove 34 with a fixation adhesive. The embodiment can treat three different signals carried by the 
three fibers. This invention can t>e applied to a multi-PD module having any number of PDs. The f foers do not project 
from the front side in the example. The front side is flat. This module is designed for being coupl^J to a tape f it>er having 
three fitters at ttie front side. Of course, the non-projecting fibers can be replaced by projecting fenules like Fig.20. The 
style of the fiber or ferrule should be determined for being coupled to a partner connector. In practice, the sut^strate 

40 shown in Fig.50 will be encapsulated by a plastic molding package like Fig.20. The plastic package reduces the cost far 
lower than the metal package or the ceramic package. 

[Embodiment of five-fiber type PD module] 

45 [0109] A multi-PD type module having separated PDs has been described. Here, another multi-PD module having an 
an-ay of PDs is explained. Fig.51 is a plan view of a five PD type. A silicon (100) substrate 33 has a lateral side and a 
longitudinal side. The lateral side is longer than the longitudinal side. A common long partition groove 36 and a common 
long path-changing groove 31 are parallelly formed in the lateral direction on the Si substrate 33. Five first V-grooves 
34 are formed in parallel in the longitudinal direction on the bank 1 51 from the front end of the substrate to the partition 

so groove 36. Five smaller V-grooves 35 are formed between the partitk>n groove 36 and the path-changing groove 31 in 
the longitudinal direction. The axes of the second V-grooves 35 are common-with the axes of the first V-grooves 34. The 
front wall of the path-changing groove 31 is assigned to be a slanting reflecting (111) plane 41 . 
[0110] An an^ay including five PDs 42 is laid upon the bases of the substrate above the patii-changing groove 31. 
Instead of individual PDs, the five PD array is adopted here. The use of the array saves the time of alignment of the PDs 

55 on the substrate. Behind the PD array, electronic devices 177. 1 78 and 1 79 are equipped on the rear bank 162. Fig.51 
shows only the substrate having the fibers and the PD array In practice, the substrate is stuck to a leadframe and the 
whole of the substrate and the leadframe are molded in a plastic package. The nx)dule has a flat front end. A five-fiber 
tape connector 180 will be attached to the front end of the embodiment PD module. In addition to three PD type or five 
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PD type, PD modules having eight PDs. ten PDs or other art>itrary number of PDs can be fabricated according to the 
teaching of the present invention. 

[Embodiment (long partition groove, short path-changing groove)] 

5 

[0111] Fig.52 is a plan view of a substrate 33 of another embodiment having a long partition groove 36 and a short 
path-changing groove 1 12. The size is 9.1mm x 3mm x 1mm. Fig.53 is a section of the same substrate 33. Fig.54 is an 
enlarged plan of the part of the bases for the PD. In Fig.54. hatched parts mean metallized pattems. Dotted parts mean 
the film of solder for fixing the PD. The explanation is omitted, since similar PD modules have been explained in preced- 
10 ing chapters. 

Claims 

1 . A PD module comprising: 

75 

a substrate; 

a first V-groove formed in the longitudinal direction on the substrate; 

so a partition groove with a front wall and a rear wall formed in the lateral direction vertically to the first V-groove 

on the substrate for alignment and for facilitating an adhesive to pervade, the partition groove being deeper 
than the first V-groove; 

an optical fiber with a front end fixed in the first V-groove for guiding signal light, the front end of the fiber being 
25 in contact with the partition groove: 

a second V-groove with an end fomied beyond the partition groove at an extension of the first V-groove on the 
substrate, the second V-groove being shallower than the f bst V-groove: 

30 a slanting reflection plane formed at the end of the second V-groove for reflecting the light from the fiber; 

a PD chip with a top and a bottom lying on the sut:>strate above the second V-groove and the slanting reflection 
plane. 

35 2. A PD module as claimed in claim 1 , further comprising a transparent adhesive with a refractive index similar to the 
fiber being supplied to a space including the end of the fiber, the partition groove and the bottom of the PD chip, 
and a fixation adhesive supplied on the first V-groove and on the transparent adhesive for fixing the f ber to the first 
V-groove. the light emanating from the fiber being reflected by the slanting reflecting plane and being introduced 
into the PD chip. 

40 

3. A PD module as claimed in claim 2, wherein the sutjslrate is a (100) silicon single crystal substrate and the f irst V- 
groove. the second V-groove and the slanting reflecting plane are made on the (100) silicon substrate by aniso- 
tropic etching which is faster in {100} planes than in {1 11} planes. 

45 4. A PD module as claimed in claim 3, wherein the partition groove is made on the silicon substrate by dicing with a 
mechanical tool. 

5. A PD nx)dule as claimed in daim 3, wherein the partition groove is nrtade on the silicon substrate by etching. 

.50 6. A PD nrxxiule as claimed in daim 3. wherein the PD chip is a bottom-incidence type PD. 

7. A PD module as daimed in daim 6. wherein the slanting reflecting plane is coated with a metal film or a dielectric 
film for enhancing reflection. 

55 8. A PD module as claimed in claim 7. wherein electronic devices for amplifying electric signal from the PD are 
mounted upon the sut>strate. 

9. A PD module as claimed in claim 8. wherein the partition groove facilitates the transparent adhesive to occupy the 
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space including the partition groove, the second V-groove and the slanting reflecting plane between the f toer end 
and the PD chip without void 

10. A PD module as claimed in claim 9, wherein the substrate with the f ber. the PD chips and the devices are enclosed 
5 and sealed by a plastic molding package. 

11. A PD module as claimed in claim 10. wherein the optical fiber is a quartz single mode fiber and the PD chip is a 
bottom-incidence type PD having an InGaAs light receiving layer or an InGaAsP Oght receiving layer. 

10 12. A PD module as claimed in claim 1 1 . wherein the PD chip lies on three sides of the substrate above the second V- 
groove and the slanting reflection plane. 

13. A PD module as claimed in claim 12, wherein the ftoer is replaced by an assembly of a plurality of fibers arranged 
in parallel with an interval, the first V-groove is replaced by an assembly of a plurality of first V-grooves formed on 
75 the substrate in parallel with the same interval of the fibers, the second V-groove is replaced by an assemt^ly of sec- 
ond V-grooves formed in parallel following the first V-grooves. the partition groove is a common single groove per- 
pendiCLdar to the first V-grooves and the second V-grooves. the second V-grooves have slanting reflection planes 
at ends, a plurality of PD chips are mounted on the substrate above the slanting reflecting planes. 

20 14. A PD module as claimed in daim 13. wherein the PD chips are assembled in a PD array. 

15. A PD module comprising: 

a substrate: 

25 

a first V-groove formed in the longitudinal direction on the sidsstrate; 

a path-changing groove with a length L and a width Q having a front wall and a rear wall formed in the lateral 
direction vertically to the first V-groove on the substrate for ensuring a space at an extension of the first V- 
30 groove; 

an optical fiber with a front end fixed in the first V-groove for guiding signal light; 

a slanting reflection plane formed at the front wall of the path-changing groove for reflecting the light emanating 
35 from the fiber; 

a PD chip with a width B and a length C mounted on the substrate in front of and at the back of the path-chang- 
ing groove, the PD lying above the path-changing groove and the slanting reflection plane, the width Q of the 
path-changing groove being shorter than the length C of the PD chip (Q<C), the length L of the path-changing 
40 groove being longer than the vmfth B of the PD chip (B<L). 

16. A PD module as claimed in claim 15. further comprising a transparent adhesive with a refractive index similar to the 
fiber being supplied to a space including the end of the fiber, the path-changing groove and the bottom of the PD 
chip, and a fixation adhesive supplied on the V-groove and on the transparent adhesive for fixing the fiber to the first 

45 V-groove. the light emanating from the f it>er being reflected by the slanting reflecting plane arxj being introduced 
into the PD chip 

17. A PD module as claimed in daim 16. wherein a partition groove is formed in parallel with the path-changing groove 
between the path-changing groove and the first V-groove for alignment of the fiber and for facilitating the transpar- 

50 ent adhesive to pervade and a second smaller V-groove than the first V-groove is formed at an extension of the first 
V-groove between the partition groove and the path-changing groove. 

18. A PD module as claimed in claim 17, wherein the substrate is a (100) silicon single crystal substrate and the first 
V-groove, the second V-groove and the slanting reflecting plane are made on the (100) silicon substrate by aniso- 

55 tropic etching which is faster in {100} planes than in {1 11} planes. 

19. A PD module as claimed in claim 18. wherein the partition groove and the path-changing groove are made on the 
silicon substrate by dicing with a mechanical tool. 
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20. A PD module as claimed in daim 18, wherein the partition groove and the path-changing groove are made on the 

silicon substrate by etching. 

21. A PD module as claimed in daim 18. wherein the PD chip is a t>ottom-incidence type PD. 

5 

22. A PD module as daimed in claim 21 . wherein the slanting reflecting plane is coated with a metal film or a dielectric 
film for enhancing reflection. 

23. A PD module as daimed in claim 22. wherein electronic devices for amplifying electric signal from the PD are 
10 mounted upon the substrate. 

24. A PD module as claimed in claim 22. wherein the partition groove facilitates the transparent adhesive to occupy the 
space including the path-changing groove, the partition groove, the second V-groove and the slanting reflecting 
plane between the fiber end and the PD chip without void. 

15 

26. A PD module as claimed in claim 24, wherein the substrate with the fiber, the PD chips and the devices are 
enclosed and sealed by a plastic molding package. 

26. A PD module as claimed in claim 26. wherein the optical fiber is a quartz single mode fiber and the PD chip is a 
20 bottom-incidence type PD having an InGaAs light receiving layer or an InGaAsP light receiving layer. 

27. A PD module as claimed in claim 26, wherein the PD chip is mounted on three spots of the substrate in front of and 
at the t>ack of the path-changing groove. 

25 28. A PD module as claimed in daim 27. wherein the front end of the fiber is spatially separated from the PD. 

29. A PD module as claimed in daim 28. wherein the fiber is replaced by an assembly of a plurality of fibers arranged 
in parallel with an interval, the first V-groove is replaced by an assemt^ly of a plurality of first V-grooves formed on 
the sutjstrate in parallel with the same interval as the f toers. the second V-groove is replaced by an assembly of 
30 second V-grooves formed in parallel following the first V-grooves, the partition groove is a common single groove 
perpendicular to the V-grooves, the path-changing groove is a common single groove-perpendicular to the V- 
grooves and a plurality of PD chips are mounted on three spots of the substrate at extensions of the fibers above 
the slanting reflection plane of the path-changing groove. 

35 30. A PD module as claimed in daim 29. wherein the PD chips are assembled in a PD array 
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Fig. 5 
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Fig. 16 
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Fig.22 
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Fig.25 
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Fig.32 
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Fig.37 
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Fig.50 
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